High temperature creep of directionally solidified Ni-base superalloys containing local recrystallization (RX) was studied. 
Introduction
Directionally solidified (DS) superalloys possess extremely good elevated temperature capability due to the elimination of highly stressed transverse grain boundaries. For this reason, they are finding widespread use as turbine airfoils in advanced aero-engines and industrial gas turbines [1, 2] .
Recrystallization (RX) in DS blades caused either by the residual stresses or by the plastic deformation generated during manufacturing is a well-known issue in the investment casting industry. The effects of applied stress, heat treatment parameters, as well as the microstructural features such as residual eutectics and carbides on RX behaviors in several DS superalloys have been reported [3] [4] [5] [6] .
It is also generally accepted that local RX may reduce the mechanical properties of DS superalloys [7] [8] [9] [10] [11] [12] . For example, less than half of the creep rupture life of DZ22 alloy can be achieved when there was a surface RX layer induced by shot-peening. The detrimental effect was more pronounced at low temperature/high stress condition [7] . Similar data were also reported by Khan et al. [8] . The detrimental effect of RX was interpreted as formation of the weak transverse grain boundaries in DS alloys. However, the detailed studies on microstructural evolution of DS alloys containing local RX during property tests have rarely been conducted. The exact damage mechanism of DS alloy containing local RX remains unclear.
The aim of our present paper is to study the effect of local RX on the high temperature creep properties of two DS superalloys, and trying to explore the role of RX by monitoring the microstructural evolution during creep. process. Detailed procedure of sample preparation was reported in our previous work [12] .) The plate specimens were with 50 × 5 × 2 mm gauge section for creep tests, and 15 × 5 × 2 mm gauge section for creep rupture tests. Some of the creep tests were also interrupted at different stages.
The stress axis was parallel to the DS direction, and specimens without local RX were chosen as reference materials in all tests.
Specimens for optical microscopy and scanning electron microscope (SEM) observation were prepared by the standard metallographic procedure. Transmission electron microscope (TEM, Philips TECNAI 20) was employed to characterize the dislocation pattern during creep. After interrupted creep tests, small plate was cut from the RX site as well as the un-recrystallized region of the specimen. The plane of the small plate was parallel to the specimen surface. These small plates were first sliced into 50 μm discs and then ion polished into TEM foils.
Results

Microstructure of RX after Heat Treatment
The morphology of RX under the indentation after heat treatment was shown in Figure 1 
Comparison of Creep Curves
Creep curves of two specimens of DZ125L (specimen A, "good" specimen without RX and specimen B containing local RX within the gauge section) were compared in Figure 3 (a).
The maximum depth of local RX in specimen B is about 1000 μm. Three regimes were observed, namely, a very short primary creep, followed by secondary (steady) creep and tertiary specimen B was extremely short as shown in Figure 3(b) . On the other hand, the "good" specimen showed a comparable steady state during creep, but a very long tertiary creep regime (more than one half of the overall creep life).
Microstructural Evolution during Creep of RX Specimens Primary Creep
The microstructure interrupted at primary creep regime (point "1" in Figure 3b ) was shown in Figure 4 . At this stage, only a few short cracks developed at the transverse RX grain boundaries. Most part of the RX/matrix interface was undestroyed (Fig. 4a) . SEM observation showed that a few voids formed along the transverse RX grain boundaries (Fig.   4b ). The initiation site of these voids is mainly at the interface between original γ matrix and RX grain.
Steady State Creep Figure 5 shows the optical micrograph of specimen interrupted at the beginning of the steady state (point "2" in Figure 3b ).
Comparing to Figure network can be observed in the γ channel in Figure 10b , and the γ' particle had also been sheared by the dislocations. In the original DS material that was far from the recrystallized region, γ' particles had been rafted (Fig. 10c) . (Fig. 9d) . In this case, the stress carried by the remaining material is significantly increased, which resulted in the accelerated creep rate and the final failure.
Discussion
Therefore, the tertiary creep regime was very short for specimens containing local RX.
The results of creep rupture tests shown in Figure 2 
Conclusions
The present work indicates that the high temperature creep property is very sensitive to the local RX induced by surface deformation and the subsequent heat treatment. An almost linear reduction of the creep rupture life was observed with the increase of the TRF.
Comparing with "good" specimen, a slight increase in the creep rate of the RX specimen was observed at the end of the primary creep stage due to the initiation of the micro-voids and cracks at the RX grain boundaries.
The secondary and tertiary creep regimes of RX specimens were shorter than those of "good" specimens. The secondary creep regime in the RX specimens was dominated by the propagation of cracks along the transverse grain boundaries in the RX region. Tertiary creep which led to the final failure of the specimen occurred rapidly as soon as the cracks propagated into the original DS material.
